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DIFFERENTIAL GEARING UNIT FOR A VEHICLE 

BACKGROUND OF THE INVENTION AND RELATED ART STATEMENT 
The present invention relates to a differential 
gearing unit for a vehicle, and in particular, to such a 
differential gearing unit including a torque responsive 
differential limiting function . 

A differential gearing unit for a vehicle comprising 
an internal gear having internal teeth formed around an 
inner peripheral surface thereof, a sun gear disposed 
inside the internal gear concentrically therewith, a 
plurality of planet gears disposed between the internal 
gear and the sun gear in meshing engagement with both 
gears, and a planetary carrier for carrying the planet 
gears for revolution around the axis of rotation of the 
internal gear and the sun gear while allowing each of the 
planet gears to revolve on its own axis and constructed 
such that the planetary carrier is connected to a shaft 
which transmits a drive from an engine while the internal 
gear and the sun gear are connected to front and rear 
wheels of a four-wheel drive vehicle is known in the art . 

Fig. 5 shows an example of a differential gearing 
unit for a vehicle as mentioned above, which is disclosed 
in Japanese Patent Application No. 2001-244,146 filed by 
the present applicant. Describing the construction of 
this prior art differential gearing unit with reference 
to Fig. 5, a housing 102 (102A, 102B) contains an 
internal gear 104 and a sun gear 106 disposed 
concentrically inside the internal gear 104. A plurality 
of planet gears 108 carried by a planetary carrier 110 
are disposed between the internal gear 104 and the sun 
gear 106 in meshing engagement with both gears 104 and 
106. In this example, all of the internal gear 104, the 
sun gear 106 and the planet gears 108 have twisted gear 
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teeth which are in meshing engagement with each other. 
The planetary carrier 110 is secured to the housing 102 
by bolts 112 for integral rotation. 

The internal gear 104 includes a cylindrical portion 
104e and a flange 104f which extends radially inward from 
one end (right end as viewed in Fig. 5) of the 
cylindrical portion 104e. Internal gear teeth 104b are 
formed on the inner peripheral surface of the cylindrical 
portion 104e while a spline groove 104a is formed in the 
inner peripheral surface of the flange 104f. A spline 
groove 122a formed around the outer periphery of an 
output member 122 fits in the spline groove 104a of the 
flange 104f. 

In the differential gearing unit for a vehicle as 
mentioned above, a spline groove formed in a shaft which 
transmits a drive from an engine may be engaged with a 
spline groove 110a formed around the inner periphery of 
the planetary carrier 110, for example, and one of front 
and rear wheels of a four-wheel drive vehicle may be 
connected to a spline groove 122b formed around the inner 
periphery of the output member 122 which is splined to 
the internal gear 104 while the other wheels may be 
connected to a spline groove 106b formed around the inner 
periphery of the sun gear 106. 

With the differential gearing unit for a vehicle 
mentioned above, when a drive from the engine is 
transmitted and the vehicle is running straightforward on 
an even road, the carrier 110 which carries the planet 
gear 108 is driven for rotation, and there is no relative 
rotation between the planet gears 108 which are carried 
by the carrier 115 on the one hand and the internal gear 
104 and the sun gear 106 which mesh therewith on the 
other hand, resulting in an integral rotation. When the 
vehicle is turning around a corner of the road, the 
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revolution of the planet gears 108 carried by the carrier 
110 on their own axes provides for a differential 
rotation between the front and the rear drive wheels 
which are connected to the internal gear 104 and the sun 
gear 106, respectively. When there is a difference in 
the coefficient of friction which the front and the rear 
wheels experience from the road surface to produce a 
difference in the grip between the front and the rear 
drive wheels, an axial' thrust which results from a 
reaction to the rotation of the meshing twisted gear 
teeth and frictional forces which are developed at the 
abutting surfaces between the carrier 110 and the planet 
gears 108 provide a torque distribution or a differential 
limiting function . 

A conventional internal gear 104 which is assembled 
into the differential gearing unit for a vehicle as 
mentioned above has internal gear teeth 104b which are 
formed by a cutting operation. This requires the 
provision of a work grinding undercut when machining an 
innermost portion (a portion indicated by character A in 
Fig. 5) of the internal gear teeth 104b, presenting a 
problem that the axial length is increased and another 
problem that a mechanical strength may become wanting 
because of a reduced thickness of this portion. 

OBJECT AND SUMMARY OF THE INVENTION 
Accordingly, it is an object of the present 
invention to provide a differential gearing unit for a 
vehicle which dispenses with the provision of a work 
grinding undercut when forming the gear teeth, thus 
allowing the internal gear to be formed in a small size. 

It is another object of the invention to provide a 
differential gearing unit for a vehicle having an 
internal gear of an increased mechanical strength. 
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Above objects are accomplished by the provision of 
an internal gear, a sun gear disposed concentrically 
inside the internal gear, planet gears disposed between 
the internal gear and the sun gear in meshing engagement 
with both gears to transmit a torque, and a planetary 
carrier for carrying the planet gears so as to be capable 
of revolving around the sun gear and on their own axes 
and by forming the internal gear by a plastic working in 
a manner such that the internal gear teeth around the 
inner peripheral surface of the internal gear and a 
spline groove formed in the outer peripheral surface 
thereof are axially displaced from each other. 

With the differential gearing unit for a vehicle 
according to the present invention, the internal gear is 
formed by a plastic working and thus dispenses with the 
provision of a work grinding undercut as occurs in a 
conventional internal gear which is formed by a cutting 
operation, thus allowing the axial length to be reduced, 
and the work hardening which occurs during the plastic 
working improves the mechanical strength. Since the 
internal gear teeth which are formed around the inner 
peripheral surface are axially displaced from the spline 
which is formed in the outer peripheral surface, a 
sufficient strength can be assured in the region of the 
gear teeth. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a longitudinal section of a differential 

gearing unit for a vehicle according to one embodiment of 

the invention as cut by a plane including the axis of the 

gearing unit; 

Fig. 2 is a longitudinal section of one example of 

the internal gear which is used in the differential 

gearing unit; 
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Fig. 3 is a schematic illustration of an exemplary 
technique of molding the internal gear by the plastic 
working; 

Fig. 4 is a cross section of an essential part of 
another example of the internal gear; and 

Fig. 5 is a longitudinal section of an example of a 
conventional differential gearing unit for vehicle. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENT 
Referring to the drawings, one embodiment of the 
present invention will now be described. Fig. 1 is a 
longitudinal section of a differential gearing unit for a 
vehicle according to one embodiment of the present 
invention. Covers 3A, 3B are secured to axially opposite 
sides of a cylindrical housing 2 to define an enclosure 
in which a planetary gear mechanism comprising an 
internal gear 4, a sun gear 6 and planet gears 8 is 
contained. A spline groove 2a is formed in the internal 
surface of the housing (output member) , and is engaged by 
a spline groove 4a formed around the outer peripheral 
surface of the internal gear 4 for integral rotation. 

The sun gear 6 is disposed inside the internal gear 
4 for rotation about the same axis as an axis of rotation 
LI of the internal gear 4. A plurality of planet gears 8 
carried by a planetary carrier 10 are disposed between 
the internal gear 4 and the sun gear 6. The planet gears 
8 are received in a plurality of receiving spaces formed 
in the planetary carrier 10 and spaced from each other in 
the circumferential direction of the carrier 10 with the 
tooth tip disposed in sliding contact with the internal 
surface of the receiving space. The planetary carrier 10 
rotates about the axis of rotation LI, and as the 
planetary carrier 10 revolves about the axis LI, the 
center axes L2 of the individual planet gears 8 carried 
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by the planetary carrier 10 revolve about the axis of 
rotation LI of the planet carrier 10 and each planet gear 
8 revolves on its own axis L2 within the respective 
receiving space in the planetary carrier 10. All of the 
planet gears 8, the internal gear 4 and the sun gear 6 
have twisted gear teeth 8a, 4b and 6a, and each planet 
gear 8 meshes with the internal gear 4 which is located 
on the outer side and with the sun gear 6 which is 
located on the inner side. 

A case 14 is fastened through bolts 12 to the end 
face of the planetary carrier 10 on the side on which the 
planet gears 8 are carried, and the outer periphery of 
the surface of the case 14 which faces the planetary 
carrier 10 (or the left-side surface as viewed in Fig. 1) 
is disposed in opposing relationship with an enlarged end 
face 4c of the internal gear 4, and the inner periphery 
of the same surface of the case 14 is disposed in 
opposing relationship with the end face of the sun gear 
6. Washers 16A, 16B which receive thrusts developed 
during the relative rotation with respect to the planet 
gears 8 are disposed between one of the axial end faces 
(or the left end as viewed in Fig. 1) of the internal 
gear 4 and the planetary carrier 10 and between the 
enlarged end face 4c and the case 14. Also, washers 18A, 
18B, 18C and 18D which receive thrusts developed during 
the relative rotation with respect to the planet gears 8 
are disposed between one of the axial end faces of the 
sun gear 6 and the planetary gear 10 and between the 
other end face of the sun gear 6 and the case 14. In 
addition, a spacer 20 is disposed radially inward of the 
planetary carrier 10 and the sun gear 6. 

A spline groove 10a is formed in the outer 
peripheral surface of the portion of the planetary 
carrier 10 which projects externally of the cover 3A (or 
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the left portion as viewed in Fig. 1) and in this 
embodiment, the spline groove 10a is engaged by a spline 
groove which is formed in a shaft, not shown, extending 
from an engine, for transmitting a drive to the 
differential gearing unit. It is to be noted that a 
spline groove may alternatively be formed in the inner 
surface 10b of the planetary carrier 10 for connection 
with a shaft extending from the engine. 

It is to be noted that a gear 2b is formed on the 
external surface of the housing 2 to which the internal 
gear 4 is splined, whereby the internal gear 4 is 
connected to one of front or rear wheels of a four-wheel 
drive vehicle, for example, through the gear 2b. A 
spline groove 6b is formed in the inner surface of the 
sun gear 6 and is connected to the other of the front and 
rear wheels. 

When a drive from the engine is transmitted to the 
differential gearing unit to rotate the planetary carrier 
10, the internal gear 4 and the sun gear 6 revolve about 
the axis of rotation LI through the planet gears 8 which 
are carried by the planetary carrier 10. It will be seen 
that because the pitch circle of the internal gear 4, 
which represents the point of action, has a greater 
diameter than the center diameter of the planet gear 8 
representing the point of force when rotating the 
internal gear 4 through the planet gears 8 (or a distance 
between the axis of rotation LI and the center axis L2 of 
the planet gear 8), it is a general practice that the 
internal gear 4 be engaged with a shaft which requires a 
higher torque. In addition, because the pitch circle of 
the sun gear 6 representing the point of action has a 
smaller diameter than the center diameter of the planet 
gear 8 representing the points of force, it is a general 
practice that the sun gear 6 be connected to a lower 



7 



Clean Substitute Specification U.S. Serial No. 10/602 950 

torque axle. For example, when the differential gearing 
unit for a vehicle according to the present embodiment is 
used as a center differential unit, and if the gear 2b 
located around the housing 2 which is connected to the 
internal gear 4 is connected to a rear axle while the sun 
gear 6 is connected to a front axle, there is obtained a 
vehicle having a characteristic which provides a greater 
torque for the rear wheels than for the front wheels. 

The internal gear 4 used in the present embodiment 
is molded by a plastic working, and is configured as 
shown in Fig. 2. Specifically, the internal gear 4 is 
substantially cylindrical in its general configuration, 
and an internal gear tooth 4b comprising a twisted gear 
tooth is formed on the inner peripheral surface except 
for a portion 4d, and the spline groove 4a is formed on 
the outer peripheral surface of the internal gear 4 in a 
region which corresponds to the portion 4d of the inner 
peripheral surface where the internal tooth 4b is not 
formed for engagement with the spline groove 2a formed in 
the inner surface of the housing 2. The internal gear 4 
has an end face 4c on the side where the internal tooth 
4b is formed (the right end face as viewed in Figs. 1 and 
2) which extends radially outward so as to be disposed in 
abutment against the washer 16B which is disposed between 
the internal gear 4 and the case 14. The plastic working 
method which forms the internal gear 4 is not limited to 
any specific technique, but in the present embodiment, 
the internal gear is molded by a forming process, 
followed by a thermal treatment including sof t-nitriding, 
nitriding and carburizing hardening steps. 

An example of the technique for molding the internal 
gear 4 by a plastic working will now be described briefly 
with reference to Fig. 3. A forming die 30 is provided 
which is circular in section and in the form of a shaft 
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and having external gear teeth 30a having the same twist 
angle as the internal gear teeth 4b of the internal gear 
4 to be molded on its outer peripheral surface. A 
bottomed member 32 which is generally tubular is fitted 
over the forming die 30, and the member 32 is held 
sandwiched between a pressing die 34 which is circular in 
section and in the form of a shaft and the forming die 30 
(a condition illustrated in Fig. 3) , and while rotating 
the forming die 30, the member 32 and the pressing die 34 
(in a direction indicated by an arrow B) , a forming roll 
36 is moved in the axial direction of the forming die 30 
(indicated by an arrow C) , thus pressing the inner 
peripheral surface of the member 32 against the external 
teeth 30a of the forming die 30 to form internal teeth 4b 
around the inner peripheral surface of the member 32. It 
is to be noted that the molding technique illustrated in 
Fig. 3 is only exemplary and the plastic working method 
used according to the present invention is not limited to 
the illustrated process. 

Assuming that the gear 2b on the housing 2 which is 
engaged with the internal gear 4 and the spline 6b of the 
sun gear 6 are connected to one and the other of the 
front and rear wheels of a four-wheel drive vehicle, the 
operation of the differential gearing unit for a vehicle 
constructed in the manner mentioned above will now be 
described. When the vehicle is running straightforward 
on a normal flat road, the front and rear drive wheels 
are rotating in the same manner, and accordingly, the 
internal gear 4, the planet gears 8 and the sun gear 6 
remain in meshing relationship with each other without 
producing any relative rotation, and the entire 
differential gearing unit revolves about the axis of 
rotation LI in an integral manner. 
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When a differential rotation occurs between the 
front and rear drive wheels as when the vehicle is 
turning the corner, the differential rotation is 
compensated for by the planet gears 8 carried by the 
planet carrier 10 which revolve about the axis of 
rotation LI while revolving about their own center axes 
L2 . In other words, the differential function is 
achieved by the revolution of the planet gears 8 on their 
own axis in response to the differential rotation of the 
front and the rear drive wheels which causes one of the 
internal gear 4 and the sun gear 6 connected to the drive 
wheels to accelerate while decelerating the other. 

If there occurs a difference in the grip between the 
front and the rear wheels as when a four-wheel drive 
vehicle is running on a bad road, the differential 
gearing unit provides a torque distribution. 
Specifically, the frictional forces which are developed 
by the meshing engagement between the gears 4, 6 and 8 
act to reduce the torque imparted to the idling drive 
wheel while transmitting the saved torque to the other 
drive wheel having a higher traction, thus providing a 
torque distribution function or a differential limiting 
function. More specifically, if one of the drive wheels 
slips, the planet gears 8 which mesh with the internal 
gear 4 and the sun gear 6 revolve on their own axes. All 
of the internal gear 4, the sun gear 6 and the planet 
gears 8 have twisted gear teeth, and accordingly, a 
relative rotation therebetween produces a reaction to the 
rotation of other gears, thereby producing an axial 
thrust and frictional forces to the abutting surfaces of 
the planetary carrier 10 and the planet gear 8. Such 
frictional forces act to limit the differential function. 
It will be noted that both the internal gear 4 and the 
sun gear 6 are axially moveable, and accordingly, the 
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thrusts produced are received by the washers 16A, 18A, 
18B disposed between these gears and the planetary 
carrier 10 or by the washers 16B, 18C, 18D disposed 
between these gears and the case 14 , producing frictional 
forces which also add to the differential limiting 
effect . 

The differential gearing unit for a vehicle 
according to the disclosed embodiment has the internal 
gear 4 which is molded by the plastic working as 
mentioned above, and the inner peripheral surface of the 
internal gear is formed with the internal teeth 4b except 
for the portion 4d which no teeth is formed while the 
spline groove 4a is formed in the outer peripheral 
surface only at the location which corresponds to the 
portion 4d where no internal teeth is formed for 
engagement with the spline groove 2a which is formed in 
the inner surface of the housing 2. Forming the internal 
gear 4 by the plastic working dispenses with the work 
grinding undercut (see region A shown in Fig. 5) which 
has been required in the conventional cutting operation 
used to form the internal gear. In this manner, the 
axial size of the internal gear 4 can be reduced to 
provide a compact product. In addition, the portion 
corresponding to the region A which has been required in 
the prior art can be provided in a greater thickness to 
improve the mechanical strength. In addition, the 
plastic working provides a work hardening of the material 
used for the gear itself, thus improving the strength and 
allowing the thickness to be reduced. 

It will be seen that when the spline and the gear 
teeth, which are formed in the outer and the inner 
surface of the internal gear, overlap, thereby results a 
portion of a greatly reduced thickness, but in the 
present embodiment, the internal gear teeth 4b and the 
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spline groove 4a on the outer surface are axially 
displaced from each other, thus preventing a portion of a 
greatly reduced thickness from being formed and allowing 
a sufficient strength to be assured for the gear region. 
In addition, the sof t-nitriding, nitriding and 
carburizing hardening steps which follow the plastic 
working of the internal gear 4 improves the abrasion 
strength of the gear- 
Fig. 4 shows another example of the internal gear 4 
which is formed by the plastic working. In this example, 
the internal gear teeth 4b are formed along the entire 
axial length of the inner surface while the spline groove 
4a on the outer surface is provided in the end region in 
the similar manner as in the first embodiment. Again, 
the size of the internal gear 4 can be reduced and the 
mechanical strength can be improved. In addition, the 
work hardening of the material through the plastic 
working improves the strength, thus allowing the 
thickness to be reduced. 

While an input from the engine is applied to the 
planetary carrier 10 while the internal gear 4 and the 
sun gear 6 are connected to output members of the vehicle 
in the described embodiment, the invention is not limited 
to such an arrangement, but it should be understood that 
the input from the engine may be applied to any one of 
the planetary carrier 10, the internal gear 4 and the sun 
gear 6, while the remaining two may be connected to 
output shafts connected to the wheels. 
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